Introduction
Ovarian cancer is the second most common and lethal gynecological cancer seen in women (1) . The condition ranks in 5 th place in cancers among women. Ovarian cancers are listed in 4 th place for death due to cancer in women. In the U.S.A, more than 15.000 women die every year because of ovarian cancer (2) . At the early stage, life expectancy can be as high as 90%, but unfortunately only 19% of the patients can be diagnosed during the early stage of the disease (3) . Most of the patients are diagnosed at the advanced stage when consequently their life expectancy falls below 30%. Early ovarian cancer may not cause obvious symptoms. Ovarian cancer is generally diagnosed when considerable abdominal fluid is observed (at this stage the tumor can be at an advanced stage) or when a mass in the pelvic region is found by the imaging methods (ultrasonography, magnetic resonance imaging, computerized tomography). However, these imaging methods may not be capable of having a high specificity to differentiate benign and malignant tumors. Furthermore, additional surgical interventions may be required when an abnormal image is determined. Consequently, imaging methods may not be reliable in detecting ovarian cancers at the early stage and can be variable (4) . However, there are no biomarkers that are known to diagnose ovarian cancer. Cancer antigen 125 (CA-125) was frequently employed to help the diagnosis of ovarian cancer, but it was basically approved to determine the recurrent disease and monitor response to the therapy (5-7). The sensitivity of CA-125 in detecting an early stage ovarian cancer varies between 29% -75%. Additionally, CA-125 level may also increase during certain circumstances such as endometriosis, pregnancy, menstruation, cardiac failure and cirrhosis, which are considered as normal or benign conditions. In a recent study, it was observed that an abnormal level of CA-125 failed to indicate the presence of a cancer in 86% of the cases, whereas the mentioned level returned to normal within 3-6 months (8). Today, we still require good biomarkers which can be used in the diagnosis of ovarian cancer.
Materials and Methods
Blood samples were collected from patients who were operated on due to an adnexal mass and from outpatient patients who were completely healthy as a control group, prospectively between 2009-2011 at the Istanbul University, Istanbul Medical Faculty Department of Obstetrics and Gynecology. Blood samples were kept 30 minutes in room temperature and then were centrifuged for 10 minutes at 4000 rpm. Separated serums were stored at -80°C until the number of tests were completed. Serum C-reactive protein (CRP) levels of patients and control groups were determined by a Toshiba Accute auto-analyzer and immuno-turbidimetric method, while creatine-kinase-MB (CK-MB) and cancer antigen 15-3 (CA 15-3) levels were determined with an Abbott Axsym device and micro-particle enzyme immune-assay (MEIA) method. Vascular endothelial growth factor (VEGF), interleukin 6 (IL-6) and leptin levels were determined by a dual antibody sandwich enzyme immune-assay (ELISA) method. 25 patients in the benign group and 19 patients in the healthy (control) group. The control group was used to determine the cut-off values of markers which did not have a cut-off value. The upper limit value was estimated by an average +2 standard deviation formula at the 95% confidence interval. Demographic similarities of patients' data were compared by the student's t-test. Statistical power analysis was also made. Because of time limitation and inadequate cases, only 70% statistical power was reached with 25 ovarian cancer cases. A comparison was made by the student's t-test and MannWhitney U-test to determine if there was a difference between the mean value of each tumor marker in the groups. The Wilcoxon method was used to calculate the value of markers regarding the difference between benign and malignant tumors. However, the number of patients with a malignant tumor in the study group was low and therefore ANOVA testing was not applied. Instead, the Kruskal-Wallis test was used to determine the relationship of the stage of the tumor of each parameter. The correlation between markers in malignant tumors was determined by a Pearson correlation analysis. A linear regression study was carried out on markers which showed significant correlation. Cut-off values were obtained as the following: CA 15-3: 0-30 U/mL CRP: 5 mg/dl Cut-off values were obtained from the healthy control group for CK-MB, IL-6, VEGF and Leptin. The following values were estimated: 9.65 pg/mL for IL-6, 201 pg/mL for VEGF, 1.225 pg/mL for Leptin and 0.9 ng/mL for CK-MB. Ethics Commitee approval was obtained for this study. The budget was supported by the Istanbul University Scientific Research Projects Unit.
Results
Clinical characteristics of patients showed that the most frequent histological diagnosis was serous carcinoma; 20% of the patients were at the early stage malignant, 18.75% at the advanced stage malignant, 31% at the benign ovarian tumor and 29.6% were the healthy control group. The distribution of these ratios are displayed in Table 1 . Average age and parity were found statistically significant at higher levels in the advanced stage cancer group, respectively 49.6 and 3.4 when compared to other groups (p<0.05) ( Table 2) . Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and odds ratio (OR) for CA 15-3, respectively, were 48%, 95%, 92%, 59% and +OR 9.6 -OR 0.5. Sensitivity, specificity, PPV, NPV and OR for IL-6, respectively, were 72%, 70%, 75%, 66%, 2.4-0.5. Sensitivity, specificity, PPV, NPV and OR for leptin, respectively, were 52%, 75%, 72%, 55%, +OR 2.08 -OR 0.64. Sensitivity, specificity, PPV, NPV and OR for VEGF, respectively, were 24%, 80%, 60%, 45%, 1.2-0.92. Sensitivity, specificity, PPV, NPV and OR for CRP, respectively, were 68%, 30%, 55%, 43%, 0.97-1.06. Sensitivity, specificity, PPV, NPV and OR for CK-MB, respectively, were 8%, 70%, 25%, 38%, 0.26-1.31. Accordingly, it was significant that CA 15-3 was the most specific and IL-6 the most sensitive markers (Table 3) . Pearson correlation analysis displayed a correlation coefficient value of 0.193 among these two values, while p value was 0.013 which was considered statistically significant. On the other hand, leptin with relatively high positive and negative predictive ratios, showed a significant correlation with CA 15-3 (correlation coefficient: 0.185, p=0.020) ( Table 4) . The logistic regression analysis of CA 15-3 and IL-6 was found more sensitive in the malignancy prediction of ovarian tumors when used concomitantly, but failed to reach a level which can be considered as significant. Among tumor markers, CA 15-3, IL-6 and CRP showed a significant increase in the malignant tumor group, while VEGF and Leptin displayed a significant increase both in the malignant and benign tumor groups when compared with the control group (Table 5) . Also, a statistical difference was found in CA 15-3, IL-6 and CRP levels between the early stage and the advanced stage groups. However, these markers were not capable of making a prediction related with stage differentiation (Table 6) . We have analysed the success of these markers by the Wilcoxon rank test to understand what parameter they were successful in detecting an early stage ovarian tumor, and after separate measurements, it was concluded that CA 15-3, IL-6, Leptin and VEGF were suitable to be used in the early stage differentiation of ovarian tumors (p<0.05) ( Table 7) . Also, a ROC curve (Figure 1 ) was determined. It was also concluded that CA 15-3, IL-6 and CRP were useful in differentiating ovarian cancers from benign tumors ( Table 8 ). The sensitivity, specificity, PPV and NPV of these markers must be considered.
Conclusion
There is no ideal model for scanning of an ovarian cancer nor is there an approved clinical test for diagnosis at the early stage. Currently, early stage sensitivity of the many biomarkers which were used to clinically diagnose ovarian cancer, is low (9) . At present CA 125 is the most reliable serum marker in ovarian cancer but its role in scanning the disease is challengeable. High CA 125 levels can be encountered in 30% during Stage I and 90% during the advanced stage (10). Additionally, mucinous ovarian tumors may secrete a lesser degree of CA 125 when compared to non-mucinous type ovarian cancers (11) . Many researchers agree that a minimum 10% positive predictive value must be achieved in the scanning process of an ovarian cancer. To attain this value, it may be necessary to reach a minimum ratio of 99.6% specificity. Nevertheless, specificity of CA 125 is considerably lower than this value (12-14) . Therefore, was found as 78.1% and 76.8% respectively. Different combinations were used in logistic regression analysis where sensitivity achieved a ratio of 90.6% and a specificity of 93.2% where this improvement can be considered as satisfactory (22) .
In our study, CA 15-3 was found to be the most specific and IL-6 the most sensitive marker. Pearson correlation analysis demonstrated that concomitant use of CA 15-3 and IL-6 in logistic regression analysis, as these markers display a positive correlation, could be more sensitive in the differentiation of benignmalignant ovarian tumors, but these findings were unable to reach a significant level. In a similar study, CA 15-3 showed a lower sensitivity ratio, while higher specificity in the malignancy prediction of adnexal masses was found (23) . Gil Mor et al. found that 4 biomarkers (leptin, prolactin, osteopontin, insulin-like growth factor-II) may not be useful alone in the prediction of malignancy, but the combination of these four markers may be effective in the prediction of an early stage ovarian cancer as they possess a 95% ratio of sensitivity, 95% ratio of specificity, 95% ratio of PPV and 94% ratio of NPV (15) . In our study, leptin alone was also found effective in the prediction of early stage ovarian cancer. However its 52% ratio of sensitivity and 75% ratio of specificity may cause a handicap for clinical significance.
The most comprehensive study in the literature was carried out by Bertenshaw et al. where a total number of 204 molecules were investigated. Among these molecules, 104 antibodies, 44 autoimmune markers, and 56 infection molecules were significant. Also, levels of 77 biomarkers were found different and the most significant molecules were CA 125, CRP, EGFR, IL-10, IL-8, CTGF, haptoglobulin, and TIMP-1. Excluding CA 125, no specificity higher than 80% was determined in any of the mentioned markers. The 8 markers herein mostly consist of inflammation markers and acute phase reactants. CRP level was found significantly increased and was accepted as the second most determinative biomarker. Increased IL-6 level was stated to be responsible for the high correlation of CRP level. The inflammatory response and the active state of the tumor, may prepare a suitable environment for angiogenesis and metastasis, as there is also some information that it may contribute to the progression of the cancer (24, 25) . In our study CRP and IL-6 levels were also found significant in the scanning of ovarian cancer (Table 8) . Angiogenesis plays a significant role in the tumorigenesis. Bertenshaw et al. (25) showed a significant increase in the VEGF level, which is a potent angiogenetic factor. In our study, a similar increase was also detected in the VEGF levels of the ovarian cancer group. We found higher ratios of mean age and higher parity values in patients included in the advanced stage ovarian cancer group when compared with other groups (p<0.05). Even though this finding is compatible with the information in the literature related with the increased risk of ovarian cancer due to higher age, it is contrary to the information that ovarian cancer risk may decrease when parity is increased (26) (27) (28) . Although a ROC curve was created in this study, the number of early stage ovarian cancer cases in the sample group was fewer than expected and could cause a bias for our study. Information was obtained from a limited number of patients and therefore clinical significance is readily decreased. However, according to the current data, CA 15-3, IL-6 , leptin, VEGF and CRP were found effective in the differentiation process of benign-malignant ovarian tumors. Parameters such as sensitivity and specificity alone were not as effective as estimated, and may not be convenient for routine applications, but differential diagnosis can be used in solving problematic cases.
There is a strong need for large-scale serial studies which may confirm and strengthen the findings of this study. Additionally, this study could be an important indicator that it may not be suitable to use CK-MB as a biomarker in future studies.
